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INTRODUCTION 

Section  I  of  this  report  represents  a  continuation 
of  the  survey  of  infrared  reflectance.  In  particular, 
the  effect  of  impurities  on  the  infrared  reflectance  of 
prosaod  materials  is  observed.  The  second  section 
reports  some  Initial  results  of  an  investigation  of  the 
properties  of  LiK  thin  film  chips.  A  brief  summary  of 
the  activities  pursued  during  this  contract  is  included 
at  the  end  of  the  report. 

SECTION  I 

Continuation  of  the  Survey  of  Infrared  Reflectance 

Tho  Infrared  reflectance  of  18  materials  was 
measured  at  normal  Incidence  over  tho  wavelength 
interval  2-36  microns  (Figs.  1-9).  This  is  a 
continuation  of  the  survey  initiated  in  the  Third 
Quarterly  Report  of  1961.  The  discussion  of  the 
opeotrophotometric  reproducibility  and  resolution  in 
that  report  remains  valid  for  the  present  data. 

Samples  of  pressed  materials  (ZrOp.BaTiO^.TiC^) 
obtained  from  the  Titanium  Alloy  Manufacturing  Division 
of  the  National  Lead  Company  made  it  possible  to 
examine  the  effect  of  the  addition  of  Impurities  on 
infrared  reflectance.  Previous  measurements  made  on 
single  crystals  of  CaF2  with  concentrations  of  U  up 
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to  2.$  percent  showed  no  change  in  reflectance.  The 
high  lovols  of  doping  Xii  wilO  pressed  samples  did  effect  I 
the  infrared  reflectance,  generally,  it  was  found  that 
the  rost8trahlen  reflectance  ueoroased  as  the  percentage 
doping  increased. 

Thore  are  several  possible  explanations  for  the 
impurity  effect.  The  samples  were  pressed  and  a  certain 
amount  of  scattering  is  possible.  It  is  likely  that 
any  such  scattering  would  depend  on  the  impurity 
concentration.  The  impurities  also  result  in  new 
lattice  vibrational  modes  that  might  be  strong  enough 
to  appreciably  change  the  infrared  dispersion  of  the 
material.  A  third  possible  explanation  is  that  the 
Infrared  dispersion  seems  to  depend  on  crystallite 
size  (Quarterly  Report  #1,  1962).  It  is  likely  that 
crystallite  size  is  strongly  influenced  by  doping. 

Only  a  much  more  detailed  investigation  would  show 
what  rolo  these  three  mechanisms  play  in  changing  the 
reststrohlen  reflectance.  It  is  oriole  to  make 
several  tentative  observations  even'  on  this  incomplete 
data.  First  it  is  necessary  to  decide  in  what  way 
these  mechanisms  would  be  expected  to  effect  the  re¬ 
flectance. 

a.  Scattering  should  decrease  the  reflectance  in 
both  the  rosfcstrahlen  high  reflectance  band 


and  at  shorter  wavelengths®  Scattering  would 
bo  much  more  pronouncod  at  short  wavelengths 
dropping  off  as  a  high  negative  power  of  wave¬ 
length® 

b.  Impurity  vibrational  modes  would  orobably 
result  in  a  reflectance  change  only  in  a 
limited  wavelength  range  near  the  resonant 
frequency  of  the  modo®  The  dispersion  due  to 
such  a  modo  would  generally  be  very  weak,  but 
It  can  be  shown  that  the  short  wavolength  edge 
of  the  reatotrahlen  high  reflictance  band  is 
very  sensitive  to  even  weak  dispersion  terms. 

c.  The  effect  of  small  crystallites  would  be  to 
enhance  anhurmonic  el'fectB;  i.e.  to  smooth 
out  the  high  reflectance  land  with  little 
change  at  short  wavelengths  and  to  uake 
combination  bands  more  pronounced. 

The  decrease  in  reflectance  TiOp  (Pig.  3)  »t  short 
wavelengths  strongly  indicates  scattering®  The  char.re 
in  reflectanco  of  the  BaTiC^  series  -Tig.  4.)  over  a 
large  wavelenp.th  interval  also  suggests  a  scattering 
phenomenon®  It  is  possible,  though,  that  crystall.te 
size  may  have  some  Influence  in  smoothing  out  the  high 
reflectance  band.  The  change  in  reflectanoe  of  ZrOg 
(Pig,  1  and  2)  over  only  a  limited  wavelength  interval 
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at  the  sensitive  short  wavelength  edge  of  the  high 
reflectance  band,  strongly  points  to  the  formation  of  an 
optically  active  impurity  mode.  This  is  not  too  sur¬ 
prising  considering  the  high  percentage  of  doping. 
Naturally,  a  crystallite  size  effect  Is  impossible  in 
glass  and  scattering  effects  in  tho  infrared  are 
improbable.  Observation  of  impurity  modes  in  glass  is 
also  improbable  since  there  are  no  sensitive  intrinsic 
high  refleotance  hands  in  the  material  to  accentuate 
such  modes.  Figure  7  shows  that  glass  with  impurity 
concentrations  up  to  6  percent  shows  no  measurable 
change  in  infrared  reflectance. 

The  sample  of  PbS  (Fig.  5)  was  a  mineral  end  the 
polished  surface  was  rather  porous.  The  small  peak  at 
9  microns  may  be  dye  to  quartz  impurities. 


! 

I 


-4- 


SECTION  II 

Investigation  of  the  Properties  of  L1F  Thin  Film  ChlpB 
The  meaning  of  crystallite  size  in  thin  films  as 
determined  by,  for  example-  X-ray  line  broadening  or 
electron  microscopy  deserves  more  clarification.  As 
described  in  Section  III  of  the  Third  Quarter  Report  an 
experiment  was  devised  to  contribute  to  the  solution  of 
this  problem.  If  the  crystallite  size  in  a  thin  film 
is  restricted  by  the  thickness  dimension  of  the  film  it 
could  bo  expected  that  optical  measurements  of  film 
thickness  should  correlate  with  that  part  of  the  X-ray 
line  broadening  due  to  crystallite  size.  In  this  way 
we  might  be  able  to  differentiate  between  size  and 
strain  broadening.  Specifically,  it  was  intended  to 
use  a  sufficiently  high  substrate  temperature  for  LiF 
films  so  that  the  crystallite  size  (at  least  as 
measured  for  thick  LIP  films)  would  greatly  exceed  the 
film  thickness.  Thus  LiF  films  deposited  at  300°C 
appear  to  have  a  crystallite  also  of  the  order  of 
l£,000A.  If  such  films  were  mauu  only  JjOQA  thick  it 
might  be  expected  that  X-ray  line  broadening  would 
yield  this  thickness,  if  there  were  no  strain  broaden¬ 
ing.  The  existence  of  a  simple  correlation  between 
optical  thickness  measurements  and  X-ray  broadening  in 
a  thin  film  assumes  that  crystallite  size  is 


independent  or  film  thickness  under  the  above  conditions, 
In  view  of  a  remark  by  L.G.  Schulz  (J.  Chem.Phys.,  17 » 
1153-1162,  1914.9 )  this  may  not  be  the  case.  Re  states 
that  the  relation  between  crystallite  size  and  film 
thickness,  for  L^P  film  deposited  at  room  temoerature, 
is  a  nearly  linear  one.  In  a  500A  thick  film  he  found 
a  crystallite  size  of  £0A. 

Despite  this  conplicatlon  the  experiment  was 
begun. What  information  It  would  yield,  and  some 
preliminary  results  are  noted  in  the  following.  Films 
of  LiF  thin  enough  to  artifically  restrict  crystallite 
size  to  dimensions  amendable  to  X-ray  line  broadening 
determinations  are  too  thin  to  give  a  satisfactory 
response  on  the  diffractometer.  Accordingly  the  films 
are  made  to  the  desired  thiokneBs  «nd  removed  from  the 
glass  substrate  as  small  flakes  or  ohlps.  This 
material  is  then  oompaoted  to  a  depth  sufficient  for 
the  X-ray  work. 

In  oi'der  to  obtain  a  large  number  of  chips  in  a 
single  evaporation,  a  large  suo strata  ""a*  is  noeded. 

The  substrate  used  in  this  experiment  is  a  hemispheri¬ 
cal  glass  bov.'l  seven  inches  in  diameter.  The  souroe 
was  plnced  in  a  position  that  gave  a  uniform  coating 
over  the  entire  hemisphere.  The  substrate  temperature 
could  be  varied  from  25-300OC8 
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To  facilitate  the  removal  of  the  LiP,  a  thin 
layer  (500-1000A)  of  zinc  sulfide  was  evaporated  first. 
The  zinc  sulfide  was  fired  from  a  howitzer  at  a 
pressure  of  10”^  Torr. 

First  a  series  of  LiP  films  with  an  optical 
thiokness  of  0.6;i  was  made  at  various  substrate 
temperatures.  The  HP  was  fired  from  a  tantalum  boat 
at  an  average  pressure  of  Torr.  It  was  found 

that  at  high  temperatures  (2C0-300°C)  the  films  oould 
not  be  removed  fror  the  substrate.  The  thicker  the 
film,  howsvor,  the  more  readily  it  could  be  removed. 

The  procedure  for  romoving  the  film  was  to  wash  the 
substrate  with  water  and/or  acotone,  collecting  the 
chips  in  a  filter  paper.  In  view  of  the  difficulties 
with  these  very  thin  chips  3ome  work  with  thicker  ones 
was  interjected. 

A  series  of  8p  thick  chips  was  made  at  2->»130,  and 
270°C.  These  will  be  sedimented  onto  a  new  substrate 
and  the  X-ray  diffraction  pattern  and  reststvahlen  will 
bo  measured  and  compared  with  the  sp-v  measurements  of 
the  original  films.  Some  chips  have  been  sedimented 
onto  glass  and  the  X-ray  diffraction  patterns  show  that 
the  ohips  have  the  same  preferred  orientation  as  the 
original  films.  This  is  to  be  expected  since  the  Chios 
are  flat  a. id  would  tend  to  settle  in  a  direction 
parallel  to  the  surface  of  the  new  aubstrato. 


CONTRACT  SUMMARY 


A  study  was  made  of  the  effect  of  crystallite  size 
on  the  infrared  dispersion  of  LiF  thin  films.  The 
infrared  reststrahlen  reflectance  and  the  crystallite 
size  of  evaporated  thin  films  of  LIP  were  found  to 
lnorease  with  increasing  substrate  temperature  during 
evaporation.  The  change  in  refleotance  appeared  to  be 
duo  to  a  change  In  the  optioal  constants  of  LiP.  The 
index  of  refraction  of  the  films  was  calculated  from 
reflectance  measurements  using  the  Drude  disoersion 
relation.  The  data  was  compared  with  the  theoretical 
work  of  H.B.  Rosonatock, 

The  dependence  of  cry3Ztt.',lito  size  of  LiP  thin 
.films  on  the  temperature  of  th»  substrate  during 
evaporation  was  studied.  An  electron  microscope  was 
used  to  examine  carbon  replicas  of  the  film  surfaces. 
The  mean  dimension  of  the  orystallites  seemed  to  vary 
from  lOOO-^OOOA  for  6  micron  films  deposited  at  room 
temerature  to  at  least  l5,OOOA  for  films  evaporated  a“, 
300°C ,  It  was  suggested  that  tae  prohlo/i  of  film 
structure  might  be  further  enlightened  by  the 
investigation  of  chips  of  LiP  films.  Suoh  samples 
might  have  the  desirable  properties  of  both  thin  films 
and  bulk  material.  Work  was  begun  in  this  direction. 

An  explanation  of  the  preferred  crystallographic 
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orientation  of  thin  films  deposited  on  amorphous 
substrates  was  presented.  It  was  concluded  that  at 
high  substrata  temperatures  and  low  rates  of  evaporation 
planes  with  low  surface  energy  will  be  preferred,  and  at 
low  substrate  temperatures  and  high  rates  of 
evaporation  high  surface  onergy  will  bo  preferred. 

It  was  shown  that  this  is  in  good  agreement  with 
the  preferred  orientations  observed  in  gormanium  films. 

The  survey  of  Infrared  reflectance,  roststrahlon 
in  oarticular,  initiated  in  the  1961  contract  was 
continued.  Tho  following  table  is  a  cumulative  index 
of  tho  matorinls  examined  in  both  contracts. 

This  report  was  prepared  by  T.P.  Martin,  J.D.  Masao  and 
A.F.  Turner 

Submitted  by 

C+o 

A.  Francis  Turner,  Head 
Vacuum  Coating  Research  Labs. 
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